The quality of a corporate compound collection can be significantly affected by a complex combination of storage and operational processing factors. Water content in DMSO solutions is one factor that is of great interest as it can affect solubility, degradation, and freeze-thaw cycle parameters. To the authors' knowledge, this is the first report of using near-infrared (NIR) spectroscopy to assess water content in DMSO compound stock solutions within the common storage vessel format of polypropylene microtubes. The precision and accuracy of the NIR technique was benchmarked against a Karl Fisher titration method, and a correlation coefficient was determined to be 0.985 over a range of 1% to 10% water in DMSO by weight. The advantages of the NIR technique include accuracy, precision, speed, nondestructiveness, and the capability of assessing compounds under in situ storage conditions within microtubes. In this report, the authors demonstrate the accuracy and precision of using NIR to assess water content in DMSO solutions and present a case study to demonstrate the utility of the technique to aid in assessing a pharmaceutical compound collection. (Journal of Biomolecular Screening 2005:568-572) 
INTRODUCTION
W ITHIN A PHARMACEUTICAL COMPANY, one of the most critical components for small-molecule drug discovery, and its greatest asset, is the corporate compound collection. The collection repository generally contains all compounds that are synthesized internally and those acquired through external purchases, company acquisitions, and mergers. Significant dollar values are placed on corporate compound collections because of the synthesis, storage, and process handling to enable high-throughput screening campaigns and other associated research activities. 1 Furthermore, the estimated downstream costs to follow up on false positives from low-quality compound collections or the unnecessary screening of a large collection is considered to be very high. 1 Thus, it is critical for the group that maintains the collection to ensure that the storage and handling of the compounds preserve its integrity.
In recent years, there has been an emergence of presentations 2-4 and published reports [5] [6] [7] [8] [9] that addressed critical environmental and process-handling conditions for compound collections. These re-ports have demonstrated the value of understanding freeze-thaw parameters, storage conditions, and processing parameters to maximize the integrity of the collection. Water absorption into DMSO solutions is one such parameter that has been widely studied, and the correlation of water absorption to freezing-point depression, solubility, and compound integrity has been demonstrated. 7, 10 Cheng et al. 7 demonstrated that even a 5% water content can have a profound influence on concentration and compound stability. By understanding the extent of this problem, expiration limits can be established for compound storage as well as processes optimized to improve collection stewardship.
The method generally used for these studies is Karl Fischer titration (KFT). 2 KFT methods, either volumetric or coulometric, involve the generation of iodine in direct proportion to the amount of water present in the reaction. 11 These methods are considered very accurate and reproducible, with the downside being sample consumption and time required for the titration measurement. More recently, Labcyte Inc. (www.labcyte.com) has demonstrated using acoustics to accurately and reproducibly measure water hydration in microplates and storage tubes. 12 This method relies on the change in acoustic properties of DMSO with the presence of water. This is a nondestructive method that has shown to be accurate, reproducible, and fast. Ellson et al. 13 have used this acoustic method to demonstrate how multiple parameters (e.g., well geometry, position, and initial fluid volume) can significantly affect the hydration rate in plates. One potential downside to this method is that it requires good coupling (e.g., flat bottom) between the piezoelectric transducer and the source vessel. Although they have dem-onstrated this method to be reliable across a number of different microplates and storage tubes, the diversity of the physical dimensions and shapes of storage formats could preclude rapid implementation of this method into a laboratory.
In this article, we present an alternative method to assess water content in DMSO using near-infrared (NIR) spectroscopy. NIR spectroscopy is a nondestructive sampling technique that is broadly applied across the petrochemical, environmental, and pharmaceutical industries. In the pharmaceutical industry, NIR is traditionally used for moisture determination, polymorphic monitoring, and qualitative and quantitative assessments of raw and final products. 14 Our NIR method relies on measuring the combination overtone hydroxyl bands of water in the presence of DMSO in the NIR region and will be shown to be accurate and reproducible by demonstrating a comparison to the KFT method. In addition, a case study will be presented to demonstrate the utility of the technique to assess a compound collection and understand storage and processing parameters.
MATERIAL AND METHODS
DMSO (catalog number 4948-0) was obtained from Mallinckrodt Baker (Phillipsburg, NJ, USA) and reported to have a maximum of 0.1% water content. In-house distilled water was used throughout the experiments.
KFT
KFT measurements were made on a Mettler Toledo DL37 coulometric instrument. A Hydranal solution with a water content of 1.00% was used as a standard (Riedel-de Haen, Seelze, Germany). Typical DMSO solutions consumed for the titration measurements ranged from 50 to 100 µl.
Sample preparation
Standard DMSO solutions with varying percentages (0%-20%) of water were prepared gravimetrically into scintillation bottles. After preparing the standards in scintillation bottles, they were immediately transferred to Matrix TrakMates (catalog number BC30006; Matrix Technologies Corp., Hudson, NH, USA), 1.4-mL polypropylene nonsterile microtubes capped under a nitrogen atmosphere, and subsequently stored in a desiccant dry box under ambient conditions until further use. The compounds used in the case study were from the Amgen corporate collection. These compounds were previously dissolved from solid material to an exact concentration of 10 mM in 100% DMSO on a Tecan Genesis liquid handler RSP200 (Tecan Group Ltd., Research Triangle Park, NC, USA) and then stored in Matrix microtubes within our Hay-stack™ (The Automation Partnership [TAP], Royston, UK) system at -10°C. The relative humidity and dew point temperature within our Haystack™ system was continuously maintained below 10% and -35°C, respectively. The relative humidity in the ambient laboratory conditions was maintained below 60%.
Instrumentation and data processing
Shown in Figure 1 is the NIR instrument that was designed and developed by TAP. The key component is the spectrometer, which was a modified Zeiss MMR NIR 1.7t1 spectrometer. The unit covers a wavelength range from 0.9 µm to 1.7 µm using a 128-element array. In brief, the spectrometer operates in transmission mode with a 20-W, 12-V halogen lamp as the uniform light output for the NIR. The light is focused to the center of the microtube to minimize the optical paths through the polypropylene sidewalls and maximize the path length through the microtubes. The thickness of the main sidewalls of the tubes is approximately 1 mm, with the internal diameter of the tubes being 6.5 mm. The contents within the microtube will absorb a proportion of the incident radiation. A fiber optic positioned in the same plane, colinear to the light source, and on the exact opposite side of the microtube is used for the collection and transmission to the spectrometer. The fiber optic minimizes the collection of stray light by reducing the light acceptance angle to the spectrometer. In the current configuration of the instrument, measurements can be performed only on a single tube at one time. The analog voltages from the spectrometer are converted to a digital number on a front-end electronics card, which are serially transmitted to a spectrometer control card mounted in a PC. The spectra are stored and processed digitally using proprietary algorithms developed by TAP.
Case study
To demonstrate the utility of the NIR technique, a case study is presented. This study involved assessing actual compound DMSO stock solutions in our Haystack™ tube store. For the case study, 72 compounds that were picked and placed (freeze-thaw cycles) multiple times (15-30) over approximately a 4-year period were evaluated for water content. During this entire period, the compounds were stored between -10°C to -20°C and under the low relative humidity conditions previously outlined. The compounds were originally prepared to 10 mM as previously described. The processing of these compounds during the pick-and-place cycles in-volved robotically picking the compounds from the frozen environment, thawing to room temperature under low relative humidity, uncapping the microtubes, aliquoting the compound on a Tecan liquid handler, recapping the microtubes, and then placing the compounds back into the tube store. The compounds remain uncapped approximately 30 min for each cycle. Each microtube was directly analyzed with the NIR technique at ambient conditions, and the spectra were compared and fitted to variables of the reference spectra. The minimum volume required to make a measurement was 150 µl for the Matrix tubes in this study.
RESULTS AND DISCUSSION
Data processing of the NIR spectra involves fitting unknowns to reference spectra. Reference spectra include standard solutions of DMSO with varying percentages of water (by weight), an empty microtube, and dark and light reference spectra. These reference spectra are used to minimize microtube-to-microtube variability, compensate for scatter from sidewalls, and determine residuals and goodness-of-fit factors. The reported spectrum of an unknown is obtained by mathematically determining what multiples of the reference spectra fit the unknown. 15 Although in our studies we used Matrix microtubes, the technique is expected to be amenable to different format microtubes through adjustment of the incident beam focus, realignment of the collection optics, and compensating against the reference spectra. Using the above standard DMSO stock solutions with varying amounts of water, NIR spectra were acquired using acquisition times on the order of milliseconds with signal averaging of 10 scans. Representative NIR spectra are shown in Figure 2 . As observed, increasing the percentage of water in DMSO resulted in decreased transmission in the NIR region. The broad band at approximately 1.4 µm is due to the overtone ν1 (symmetrical OH stretch) and ν3 (asymmetrical OH stretch) vibration modes of water. 16 As observed in Figure 2 , the overall transmission can be greater than 1 due to self-lensing created by the cur-vature of the microtube. In addition, the data at the ends of the spectrum can be unreliable due to spectrometer and optics limitations.
Standard solutions of DMSO with varying percentages of water were analyzed by KFT. The overall titration times ranged from 30 s to 15 min for 1% to 10% water in DMSO, respectively. Figure 3 represents the correlation observed between the NIR and KFT techniques for the percentage of water by weight. Each plotted data point for the NIR technique was acquired through signal averaging 10 scans on 1 microtube containing the standard solution. Each plotted data point for the KFT technique was acquired through a single titration of each standard solution. Good linearity was observed between 1% and 10% water in DMSO with an observed correlation coefficient of 0.985. The numerical results of the titration, and comparisons with NIR, are tabulated in Table 1 . The percentage error (column 4) is calculated by multiplying the relative error, which is the absolute value of the difference between the NIR and KFT values divided by the KFT value, by 100%. By using KFT as the gold standard, the average percentage error of the NIR technique over the range investigated was determined to be 4.9% ± 3.5%. The NIR measurements were observed to be on average within 0.2% ± 0.2% difference from those of KFT. This average was computed through summing the absolute differences between the percentage water in DMSO value as measured by NIR and KFT and dividing by the number of standard solutions (16) . The reproducibility of the technique is observed for the multiple measurements at the expected 4.0% water in DMSO. Three separately prepared standards in different microtubes were prepared and analyzed by NIR and KFT. Using NIR, the average percentage water for the expected 4.0% water-DMSO standard was determined to be 4.05% water in DMSO. Although only 3 replicates were prepared and measured, the reproducibility of the technique is demonstrated to be independent of the preparation technique as benchmarked by the KFT measurements (average of 4.0%). Again, by using KFT as the gold standard, the average percentage difference from the expected value for the NIR technique was determined to be 4.4% across the range investigated compared to a 2.3% difference for KFT. Although the NIR technique had a higher percentage difference, the value was determined to be acceptable for the purposes of assessing water content in a compound collection repository. Figure 4 shows the percentage water content in DMSO for each compound. Each plotted data point was acquired through signal averaging 10 scans on each compound-containing microtube (72) from our tube store. The average water content in DMSO for the representative 72 compounds was determined to be 5.7%, with a standard deviation of 2%. It should be noted that there were no interfering NIR bands for the compounds investigated. The lack of interfering NIR bands for the compounds was expected based on the wavelength region, sensitivity of the spectrometer, and the concentration of the compound solutions (10 mM). A small correlation (slope = 0.109) was observed between the number of freezethaw cycles and the percentage water in the sample, as shown by the trend line in Figure 4 . As a baseline comparison, a different and random set of 25 compounds that were prepared as 10-mM stock solutions and placed into our tube store approximately 4 years ago but never picked were determined to have on average 0.1% water content in DMSO by the NIR technique. Overall, of approximately 100 compounds tested using the NIR technique, there were no observable compound-related bands in the wavelength region studied. This case study illustrates that by using the NIR technique, one can gain a better understanding of how process-handling conditions can affect water content in DMSO compound stock solu-tions. By using this information, a compound-handling group can change a process to mitigate this risk of water uptake in DMSO and thus better preserve the integrity of the collection.
CONCLUSION
A novel NIR technique to assess water absorption for DMSO solutions was presented. This study is the first reported use of using NIR to accurately measure water content in compound DMSO stock solutions. This study demonstrated that NIR can accurately and nondestructively assess water content in DMSO compound stock solutions. Water content in DMSO compound stock solutions is a critical issue that can significantly affect the value of the corporate compound collection. This information can aid an organization in modifying and optimizing processing parameters to minimize the potential deleterious affect of water content in DMSO compound solutions. In addition, the simplicity of this technique is amenable to online analysis. Developing an online technique can aid in the decision making with respect to establishing expiration dates and replenishment strategies for DMSO compound stock solutions in microtubes. We have demonstrated that NIR is another useful tool, with multiple benefits, that has enormous potential to help better assess this problem and minimize its impact to drug discovery. 
